The remanufacturing cost of estimation, the accuracy of the estimates and the time it takes to produce cost estimates are important factors to remanufacturing organizations. This paper constructed and trained a back-propagation (BP) neural network to forecast the remanufacturing cost of engineering machinery hydraulic cylinder. According to hydraulic cylinder remanufacturing process, 11 cost-related features have been identified and quantified. Neural networks prediction model was set up with features as input and the cost as the output. The network was trained and validated using 15 samples. The testing results on another 1 sample are promising, which the prediction errors were in the acceptable range. The research provided a feasible method for remanufacturing cost forecast of the engineering machinery hydraulic cylinder, which can be used in setting the remanufactured parts prices in many situations.
Introduction
Remanufacturing is a process of restoring a used product to like-new condition by rebuilding it, replacing certain components, and providing a warranty for the remanufactured product that is at least as good as the warranty for a new product. Thus, remanufactured products meet the demand of consumers who desire low-priced, environmentally friendly products that have like-new quality [1] . Remanufacturing has numerous benefits for the original equipment manufacturers (OEMs) [2] . These include savings in labor, material and energy costs; shorter production lead times; balanced production lines; new market development opportunities, and a positive, socially concerned image [3] . The profitability of remanufacturing has resulted in accelerated growth in the remanufacturing industry.
As China pays more attention to the remanufacturing and reengineering, companies are increasingly committed to the development of such. However, remanufacturing industry development in China still faces many difficulties and challenges. Whether recycled old pieces be remanufactured at the technical level and be beneficial for the economic concern to the remanufacturing enterprises lay on the technical and economical evaluation correctness. The remanufacturing cost of estimation, the accuracy of the estimates and the time it takes to produce cost estimates are important factors influencing the ability of remanufacturing organizations that develop, manufacture, sell and support products to survive in today's highly competitive markets [4] .Therefore, the evaluations of technic and economic are the key parts and prerequisite conditions for remanufacturing enterprises to create economic benefit.
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The hydraulic cylinder is the vital part to manufacture loaders and excavators. Due to the uncertainty of the working environment of the mechanical engineering, the differences in failure mode and failure degree of the hydraulic cylinder are very huge. Therefore, the requirements for the repairing technology and solution are very complex. This situation makes the remanufacturing cost forecast becomes very difficult due to the high uncertainty. Artificial neural network has widespread application in the field of product cost prediction because of the highly nonlinearity and strong ability of fuzzy reasoning [5] [6] [7] [8] . However, this technology has not being widely applied in remanufacturing cost prediction.
The increasing intensity of cost based competition motivated a significant research effort aimed at developing tools that support the cost estimating analysis.
Most cost estimates are based on information about the product, the materials it is made of and the production processes required for its manufacturing [4] . The approach base on the remanufacturing processes is applicable for cost estimations in other areas of remanufacturing in which a historical cost database can be constructed and used to design and teach the neural network.
The analysis of cylinder remanufacturing process
Using one engineering machinery remanufacturing enterprise's actual production process as an example, we can scratch out the technological process of producing cylinder, as shown in figure 1. There are five major steps in the process [9] : (1) the recycling of old pieces; (2) disassembling; (3) cleaning; (4) detection; and (5) technology of repairing.
Recycling is the first step of remanufacturing reverse logistics. What happens here is to take back the old pieces from the customer. When the products cannot function normally or scraped, it would be taken back to the remanufacturing center by the specialists or taken back by the customer himself. During the taken back process, it is necessary to confirm the source of old pieces, the arrangement of transportation, and storage of old pieces.
A preliminary classification is needed when necessary.
The source of recycling parts, quality, quantity, and so on will directly affect the production of remanufacturing.
Currently the old parts of cylinder mainly come from guaranteed old parts dealer, and the average reusable rate is above 60%.
The second step is the disassembling, which refers to break down the worn-out product into parts and to prevent the damage of parts in the disassembling process.
Scientific disassembling technology can effectively ensure the quality and geometric accuracy of reproducing parts, reduce the remanufacturing cycle and cost significantly, and improve the quality of reproducing products. Since the hydraulic cylinder has good sealing capability and its parts work in high precision formation, so it really needs to be handled in a precise way during dismantling to avoid the secondary damage, which may increase the cost and difficulties of repairing. surface, and melts it by the laser radiation to form a low dilute ability and metallurgical bonding thin layer.
The above process analysis indicates that the severity of failure, the original quality of old parts, the repairing technology, the technical requirements and so on are all the important factors in influencing the cylinder remanufacturing cost. Old parts recycle prices The higher the recycle price，the higher the cost
The difficulty of disassembly The more severe of failure level, the more complex of repairing, the higher the costs
The difficulty of cleaning The more severe of failure level, the more complex of repairing, the higher the costs
The difficulty of inspection The more complex of the inspection, the higher the costs
The complicity of repairing technology The more severe of failure level, the more complex of repairing, the higher the costs The difficulty of assembling The more complex of the structure, the higher the cost 11 x Weight(kilogram) The heavier the weight, the higher the cost
The establishment of the BP Neural Network Prediction Model
Based on the relationship between features and the cost of production, we set the old parts recycle grades, old parts recycle prices, difficulty of disassembly, difficulty of cleaning, difficulty of inspection, raw material cost/(yuan), the utility expenses/(yuan), equipment cost/(yuan), the difficulty of assembling, and weight these 11 features as the input of network and set the remanufacturing production cost as the output in establishing the BP neural network structure. This is a single hidden layer BP network, the number of hidden layer nodes initially has been set at 15 and one for the output layer. The number of neurons in the hidden layer was found by trial and error since the number of hidden units per layer is more of an art than a science [10] .
Applications

Sample normalization process
Normalized features and cost data are shown in tab.
2. Using the first 15 data of samples cylinder in tab. 2 as the training sample, the 16th as the prediction test sample.
Since the cost belongs to confidential data, so tab.2 only provides normalized processing of data. Using this method to forecast cost, get the prediction of manufacturing cost (Yuan) based on the known data normalized reduction.
Network testing
We test the BP network repeatedly by using MATLA and finish when the testing number reaches 3000 and error precision reaches value of 0.0001, this
indicates that network structure parameters of the weights and thresholds are set.
After 1,365 times of running, the BP network's testing error sum of squares has a value e< 0.0001, the mode converges. Through normalized reduction cost data, we found that the difference between predicted cost and actual cost is only RMB 126, which is well within the acceptance range in the actual production.
Results interpretation
Conclusion
The neural network based cost estimation model is 
